Background: The impact of cerebral microbleeds on the safety of antithrombotic therapy has recently received considerable attention. We investigated the safety of antithrombotic therapy in patients with cerebral microbleeds and cardiogenic cerebral embolism caused by nonvalvular atrial fibrillation. Methods: This retrospective study enrolled patients with acute cardiogenic cerebral embolism due to nonvalvular atrial fibrillation in the stroke unit of the Department of Neurology at the Beijing Tiantan Hospital, the Capital Medical University, from January 2015 to January 2018. General clinical data, magnetic resonance imaging data, and data regarding the use of antithrombotic medications were collected. The main adverse events were cerebral hemorrhage and all-cause death. Results: According to the susceptibility-weighted imaging sequence, patients were divided into a cerebral microbleeds group and a non-cerebral microbleeds group. Patients with cerebral microbleeds were more likely to be male and to have a history of hypertension and diabetes, and they were less likely to have received anticoagulant therapy (49.1% vs. 71.3%, P = 0.001). However, no significant differences were found in the event-free time, the occurrence of cerebral hemorrhage events and all-cause death. Cox regression analysis showed that the risk of all-cause death in patients with a cerebral hemorrhage history and cerebral microbleeds increased 2.773-fold (HR = 2.773, 95%CI 1.056-7.280, P = 0.019), and the risk of a cerebral hemorrhage event in patients with cerebral microbleeds and a hypertension history (HR = 3.451, 95%CI 1.947-6.119, P = 0.045) or a cerebral hemorrhage history (HR = 2.443, 1.078-5.536, P = 0.006) was increased 3.451-fold and 2.443-fold, respectively. Conclusions: Antithrombotic therapy in patients with CMBs and cardiogenic cerebral embolism due to nonvalvular atrial fibrillation did not have increased risks of a cerebral hemorrhage event and all-cause death. CMBs were probably not a crucial predictor of whether patients were prescribed antithrombotic medicine. Patients with CMBs and a hypertension history or cerebral hemorrhage history should receive a close follow-up after antithrombotic therapy.
Background
Atrial fibrillation (AF) is a common arrhythmia, and it that significantly increases the incidence of cardiogenic cerebral embolism. In the absence of effective antithrombotic therapy, the risk of cardiogenic cerebral embolism increases by 5-times in patients with AF [1] . Antithrombotic therapy plays a crucial role in primary and secondary prevention of cardiogenic cerebral embolism in patients with AF. Compared with other types of ischemic stroke, cardiogenic cerebral embolism caused by AF is more likely to lead to death or lifelong disability and dependence [1] .
Cerebral microbleeds (CMBs) represent one of the imaging manifestations of cerebral small-vessel disease, which is a subclinical lesion of the brain parenchyma characterized by microbleeds [2] . The incidence of CMBs in the general population is approximately 15%, and CMBs are more common in the elderly. The detection rate of CMBs in people over 80 years old is as high as 35.7% [3] . The incidence of CMBs in ischemic stroke patients is approximately 20% [4] . Studies have shown that CMBs not only have an important impact on hemorrhagic transformation but are also an independent risk factor for new ischemic stroke or transient ischemic attack and stroke recurrence [2] [3] [4] . Therefore, the role of CMBs is important for the prevention and treatment of various strokes [5] .
Previous studies [6] have shown that the incidence of CMBs in patients with AF is significantly higher than that in patients without AF, and the presence of CMBs is associated with an increased risk of stroke and death in patients with AF [7, 8] . Thrombolysis, antiplatelet therapy or anticoagulant therapy is generally applied for primary and secondary prevention of ischemic stroke. For patients with ischemic stroke and CMBs, whether antithrombotic therapy increases the risk of cerebral hemorrhage has not been fully confirmed. CMBs may increase the risk of antithrombotic therapy-associated cerebral hemorrhage, and nonvalvular atrial fibrillation (NVAF) patients have a clear need for antithrombotic therapy and may even require high-intensity antithrombotic therapy. Therefore, the potential risks and possible benefits of antithrombotic therapy for these patients should be carefully considered.
One study has [9] shown that in NVAF patients with acute ischemic stroke, the long-term mortality rate of patients with CMBs is higher than that of patients without CMBs, and the presence and number of CMBs predict cardiovascular and stroke-related mortality. However, in clinical guidelines [10] , antithrombotic therapy is not a contraindication for AF patients with CMBs. Therefore, patients with both NVAF and CMBs should be evaluated for the benefit of stroke prevention therapy and the cerebral hemorrhage risk. Although ischemic stroke risk stratification methods in AF patients have been established, the indictors for risk stratification and cerebral hemorrhage assessment to guide clinical practice are not clear.
The impact of CMBs on the safety of antithrombotic therapy has recently received considerable attention. The objective of this study was to investigate the safety of antithrombotic therapy in patients with CMBs and cardiogenic cerebral embolism caused by NVAF.
Methods

Patient selection
This retrospective study enrolled patients with acute cardiogenic cerebral embolism due to NVAF in the stroke unit of the Department of Neurology at the Beijing Tiantan Hospital, the Capital Medical University, from January 2015 to January 2018. Cardio embolism was considered in the etiology of acute cerebral infarction in all patients according to the traditional classification of subtypes of ischemic stroke (the Trial of Org 10,172 in Acute Stroke Treatment, TOAST).
The exclusion criteria were: (a) incomplete data; (b) death during hospitalization; (c) acute cardiogenic cerebral embolism with hemorrhagic transformation that could not be treated with antithrombotic therapy; (d) refusal to use antithrombotic therapy; (e) the presence of cognitive deficits; (f ) the presence of serious diseases affecting prognosis, such as malignant tumors; (g) a pathogenesis of cardiac embolisms such as a patent foramen ovale, atrial septal defect, atrial myxoma, and infective endocarditis; and (h) the presence of valvular atrial fibrillation.
The study protocol conforms to the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of the Beijing Tiantan Hospital. The methods were strictly carried out in accordance with the approved guidelines. Informed consent was obtained from all participants or guardians if they were disturbance of consciousness.
Diagnostic criteria
According to the traditional classification of subtypes of ischemic stroke (TOAST) [11, 12] , patients with the following characteristics were considered to have cardio embolism: (a) embolization of different arterial distribution areas, including multiple regions at multiple times; (b) cerebral infarction mainly located in the cortex or cortical tract; and (c) no obvious cerebral artery stenosis.
According to magnetic resonance imaging (MRI, MAGNETOM Skyra 3.0 T, SIEMENS, Germany), the diagnostic criteria [13] for CMBs included low-signal loss foci with a round or oval shape, a clear border, a diameter of 2-10 mm, and a lesion at least halfway surrounded by brain parenchyma on cerebral MRI with the susceptibility-weighted imaging (SWI) sequence. Exceptions included traumatic brain injury; massive axonal injury with similar imaging findings, such as signal loss due to blood flow effects in the vascular space, brain groove area or small blood vessels; hemosiderin deposition in the pia mater; subcortical calcification without hemorrhage; calcification or iron deposition in the basal ganglia; and cerebral vascular malformation, such as telangiectasia and cavernous hemangioma.
According to their anatomy, CMBs were classified based on whether they were located in (a) a brain lobe of the cortex or a subcortical region; (b) a deep brain tissue region, including the basal ganglia, thalamus, internal sac, corpus callosum, deep and paraventricular white matter, brainstem or cerebellum; or (c) both a brain lobe and a deep brain tissue region. According to the number of CMBs identified with the SWI sequence, CMBs were divided into groups of ≤5, 6 to 9 and ≥ 10. Two independent observers who knew the purpose of the study but were blinded to the study design and the results of all investigations evaluated the location and number of CMBs identified with the SWI sequence of MRI.
Cerebral infarction and cerebral hemorrhage in our study mainly referred to two intervals. A cerebral infarction history or cerebral hemorrhage history was defined as cerebral infarction or cerebral hemorrhage diagnosed by neurologists before the current admission. Cerebral hemorrhage occurring after antithrombotic treatment was defined as a cerebral hemorrhage event.
NVAF [14] referred to AF without artificial mechanical valves or moderate to severe mitral stenosis usually caused by rheumatic fever. Paroxysmal AF [14] was defined as AF lasting fewer than seven days, and persistent AF was defined as AF lasting more than seven days. All patients in our study had an AF history or a recent diagnosis of AF after admission. The presence of an AF history indicated that patients were diagnosed definitively by cardiologists and had been receiving medical treatment or underwent AF catheter ablation before the time of hospitalization for this study. A recent diagnosis of AF indicated that patients without a previous AF history were diagnosed during admission according to an electrocardiogram, dynamic electrocardiogram or other heart rhythm detection.
Clinical data collection
All patients with acute cerebral infarction in the stroke unit underwent a careful medical history evaluation, physical examination, blood laboratory tests, imaging and heart rhythm detection, including computed tomography angiography and magnetic resonance imaging of the cerebral artery and vein, computed tomography and magnetic resonance imaging of the head, transthoracic echocardiography, transesophageal echocardiography, aortic arch ultrasound, carotid ultrasound, ultrasound of the limb arteries and veins, transcranial doppler ultrasound (TCD), a TCD foaming experiment, TCD micro bubble detection, resting 12-lead ECG and a 24-h ambulatory electrocardiogram.
Information concerning general clinical data, MRI data and the use of antithrombotic medications (warfarin, dabigatran, rivaroxaban, aspirin, or clopidogrel) was collected at the time of admission. General clinical data included gender, age, hypertension and diabetes history, atrial fibrillation history or a new diagnosis of AF, cerebral infarction (CI) history, cerebral hemorrhage (CH) history and smoking. The National Institutes of Health stroke scale (NIHSS) score [15] , atrial fibrillation stroke risk CHA 2 DS 2-VASc score [14] , and bleeding risk HAS-BLED score [14] were collected at the same time. NIHSS scores of 1-4 indicated mild strokes, 5-15 indicated moderate strokes, 16-20 indicated moderate to severe strokes, and scores higher than 21 indicated severe strokes [16] . Antithrombotic therapy included antiplatelet therapy and anticoagulant therapy. Patients with CHA 2 DS 2 VASc scores ≥2 in males and ≥ 3 in females should be on anticoagulant therapy (warfarin, dabigatran, or rivaroxaban), and those with CHA 2 DS 2 VASc scores < 2 should be on antiplatelet therapy (aspirin or clopidogrel). HAS-BLED scores ≥3 indicated a high risk of bleeding. All patients without a history of AF underwent a resting 12-lead ECG and a 24-h ambulatory electrocardiogram to screen for AF. All patients underwent transesophageal echocardiography to screen for a patent foramen ovale, atrial septal defects, atrial myxoma and heart valve disease. According to the SWI sequence of MRI, patients were divided into a CMBs group and a non-CMBs group.
Main adverse events
Patient follow-ups were conducted by telephone and required reporting of adverse events related to CH events and all-cause death. A cerebral hemorrhage event was defined as acute extravasation of blood into the brain parenchyma or subarachnoid space with associated neurologic symptoms. All patients with cerebral hemorrhage underwent computed tomography or MRI of the brain and were diagnosed by doctors at admission or in the emergency department. Imaging data and medical records of patients attending in Beijing Tiantan Hospital could be retrieved from the image system and the case system, respectively. Patients attending other hospitals were requested to upload their imaging data and medical records to the follow-up system.
Statistical analyses
Statistical analyses were performed using SPSS for Windows, version 18.0. Normally distributed continuous variables were expressed as the mean ± standard deviation and compared using Student's t-test. Non-normally distributed continuous variables were expressed as the medians (upper quartile, lower quartile) and compared using the rank sum test. Normality was tested using the Shapiro-Wilk test. Categorical variables were expressed as percentages, and the χ2 test or Fisher's exact test was used for comparisons between the two groups. Cox regression analyses were performed to identify variables with predictive value for all-cause death and CH events. All statistical tests were run as two-sided tests. For all tests, P < 0.05 was considered statistically significant.
Results
Clinical characteristics by CMBs
A total of 232 patients were enrolled in the study, including 110 patients with CMBs and 122 patients without CMBs. No significant differences were found in age, smoking, CI history, CH history, NHISS scores and HAS-BLED scores. Patients with CMBs were more likely to be male and to have a history of hypertension and diabetes, and they were less likely to have been treated with anticoagulant therapy (49.1% vs. 71.3%, P = 0.001). Eighty-eight patients were treated with dabigatran 110/150 mg twice a day and 9 patients were treated with 15/20 mg once a day. Fifty-five patients were treated with aspirin 100 mg once a day and 36 patients were treated with clopidogrel 75 mg once a day according to the CYP2C19 genotype. However, no significant difference was found in the use of anticoagulant drugs or antiplatelet drugs between the groups. The CHA 2 DS 2 VASc score was higher in patients without CMBs (Table 1) . 
Main adverse events
The time from event-free status to the main adverse events was (22.4 ± 13.4) months, and no significant difference was found in the event-free time between the groups. Among all patients, 12.7% (n = 14) of the patients with CMBs died, and 16.4% (n = 18) of the patients with CMBs experienced a CH event. No significant differences were found in all-cause death and CH events between the two groups ( Table 2) .
Main adverse events by the region and number of CMBs
Among the patients with CMBs, 45.5% (n = 50) had deep brain tissue CMBs, and 36.4% (n = 40) had ≥10 CMBs. The comparison of the region and number of CMBs is shown in Table 3 . No significant differences were found in all-cause mortality and CH events among the different regions and number of CMBs. However, a significant difference was found in anticoagulant therapy; the patients with CMBs in mixed regions and more than 10 CMBs were more likely to have received anticoagulant therapy (Table 4 and Table 5 ).
Predictors of all-cause death and cerebral hemorrhage
A multivariate analysis of the following variables was performed: CMBs, male gender, smoking, hypertension history, diabetes history, CI history, CH history, use of anticoagulant therapy and NIHSS score ≥ 5. The analysis using a Cox regression model revealed that smoking, CH history, use of anticoagulant therapy and an NIHSS score ≥ 5 were predictors of all-cause death and that smoking, hypertension history, CH history and an NIHSS score ≥ 5 were risk factors for a CH event (Table 6 ). Considering the interaction between CMBs and other factors influencing the main adverse events, another multivariate analysis of main adverse events stratified by CMBs showed that a CH history and the presence of CMBs increased the risk of all-cause death, and a hypertension history or CH history and the presence of CMBs respectively increased the risk of CH events (Table 7) .
Discussion
AF is an important risk factor for cardiogenic cerebral embolism. The clinical symptoms of cardiogenic cerebral embolism tend to be more severe than those of other ischemic stroke subtypes. Oral anticoagulants have become a critical treatment for primary and secondary prevention of cardiogenic cerebral embolism in patients with AF, reducing their risk by up to approximately 67% [17] . Failure to use anticoagulant therapy was an independent risk factor for overall mortality in AF patients. The main cause of death was associated with recurrent cardiogenic cerebral embolism (61.7%) [18] . Studies [18, 19] have shown that patients with AF and CMBs have increased mortality, and anticoagulant therapy increases the risk of CH event.
The impact of CMBs on the safety of antithrombotic therapy was the focus of this study [20] . Relatively few studies have explored the relationship between AF and CMBs. Saito et al. [6] showed that the incidence of CMBs is significantly higher in patients with AF than that in non-AF patients. Kim et al. [21] showed that 33% of patients with cardiogenic cerebral embolism have accompanying CMBs. In our study, the rate of nearly 50% of patients with CMBs was higher than that in a previous study. One possible explanation is that MRI with the SWI sequence was used in each patient to increase the detection rate of CMBs.
Compared to patients without CMBs, patients with ischemic stroke and CMBs have a higher prevalence of hypertension [22] . Studies [22, 23] have suggested that hypertension is a risk factor for CMBs, especially CMBs in deep brain tissue. In our study, patients with CMBs were more likely to have a history of hypertension, which is consistent with previous results. In the multivariate analysis, patients had a hypertension history with CMBs increased the risk of a CH event. The presence of CMBs and a hypertension history was associated with the occurrence of a CH event. Long-term hypertension was one of the important causes of CMBs. The pathological and physiological mechanism may be hyaline degeneration of blood vessels caused by hypertension, which may lead to extravasation of blood and the formation of local microvascular aneurysms. Therefore, antithrombotic therapy should be used more cautiously in this population, and blood pressure should be carefully controlled during antithrombotic therapy. Without effective anticoagulant therapy, the risk of stroke onset and recurrence is significantly increased in patients with AF, and the CHADS 2 and CHA 2 DS 2 VASc scores may reflect the risk of ischemic stroke [24] . In the non-CMB group, the CHA 2 DS 2 VASc score was higher than that in the CMB group in our study. One possible reason is that more female patients were included in the non-CMB group. AF was more associated with CMBs in the brain lobes [9] . In our study, the proportions of CMBs in the brain lobes and deep brain tissue regions were similar, and no significant difference was found in all-cause death in patients with different quantities of CMBs. CMBs in the brain lobes were prone to cerebral hemorrhages [25] , which are different from the pathophysiological mechanism of vascular hyaline degeneration in deep brain tissue CMBs. This was thought to be associated with β-amyloid-deposition cerebral amyloid angiopathy, which is prone to cerebral hemorrhage. Therefore, patients with more CMBs in the brain lobes should be carefully monitored when receiving double antithrombotic therapy. To rule out the influence of mixed factors, the logistic regression analysis showed that CMBs are not an independent risk factor for cerebral hemorrhage in our study.
Thrombolytic, antiplatelet or anticoagulant therapy is required for both primary and secondary prevention of ischemic stroke. Therefore, for patients with ischemic stroke and CMBs, several items must be addressed, including whether antithrombotic therapy increases the risk of bleeding, whether CMBs can be used as an indicator to predict cerebral hemorrhage after antithrombotic therapy, when AF patients with CMBs should begin antithrombotic therapy, and the appropriate strength of thrombolytic therapy in the acute phase of ischemic stroke.
Study by Biffi et al. [26] showed that aspirin may increase the risk of recurrence in patients with cerebral hemorrhage, especially in the presence of multiple CMBs in the brain lobes. In addition, patients with ischemic stroke with > 5 CMBs should not be treated with antithrombotic therapy because the risk will outweigh the benefits [27] . However, one study [28] suggested that antithrombotic therapy can benefit patients with ischemic stroke and CMBs even if a risk of cerebral hemorrhage exists. In our study, no significant association with cerebral hemorrhage was found in patients with ≥5 CMBs and < 5 CMBs. Furthermore, in the multivariate analysis, CMBs were not a predictor for the main adverse events. However, patients having a hypertension history or CH history with CMBs had a higher risk of a CH event, suggesting that identifying patients with a high risk of bleeding is critical for anticoagulation therapies.
Patients with AF and CMBs should be evaluated for the benefit of stroke prevention and the bleeding risk. Although risk stratification methods in AF patients remain controversial, risk stratification and bleeding assessment may guide clinical practice. Long-term, effective and safe anticoagulant therapy and a stable international normalization ratio in patients with AF are associated with a decreased risk of adverse events. Therefore, SWI-sequence screening for CMBs was recommended for patients with ischemic stroke and AF who receive long-term anticoagulant therapy [29] .
At present, non-vitamin K antagonist oral anticoagulants (NOACs) are widely used for the prevention of cardio embolism. Their effectiveness is comparable to that of warfarin, but the associated risk of a CH event is significantly lower than that of warfarin. Two small sample studies in Japan [4, 30] showed that NOACs do [31] showed that NOAC treatment after a CH event can reduce systemic thrombotic events and all-cause mortality but does not increase the risk of CH recurrence. In contrast, the clinical outcomes of patients who received antiplatelet therapy or discontinued antithrombotic therapy did not improve significantly. In this study, anticoagulant therapy did not increase the incidence of adverse events in patients with multiple CMBs, and in the multivariate regression analysis, anticoagulation was a protective factor for all-cause death. All of this evidence shows that antithrombotic therapy is relatively safe in patients with CMBs. Cardio embolism prevention in patients with CMBs presents both risks and benefits. Anticoagulant therapy can reduce the risk of cardio embolism in patients with NVAF, but a risk of anticoagulant-related CH events remains, especially for AF patients with CMBs. Additionally, the bleeding risk should be considered, and appropriate antithrombotic strategies should be selected. Existing studies cannot provide clear guidance for primary cardio embolism prevention in patients with CMBs and AF. Traditional oral anticoagulants may increase the quantity of CMBs, especially in patients with cerebral CMBs and multiple CMBs. The current results for NOAC treatment in patients with CMBs are relatively optimistic. No difference was found in the incidence of adverse events between patients with CMBs who received antithrombotic therapy and those without CMBs in our study. However, the safety of antithrombotic therapy in patients with CMBs and NVAF still needs to be confirmed by large randomized controlled trials. In clinical practice, antithrombotic strategies used by physicians for primary prevention of cardio embolism in patients with CMBs tend to be conservative, whereas secondary prevention strategies for cardiac embolism in patients with CMBs tend to be more aggressive. This study found that antithrombotic therapy for secondary prevention of cardio embolism is relatively safe, which may provide guidance for primary prevention of cardiac embolism, thus reflecting the clinical significance of this study.
Limitations
This study was conducted at a single center; thus, the generalizability of the results is limited. Importantly, however, our study was truly retrospective and included a real-world population with cardiogenic cerebral embolism with CMBs and NVAF. In the multivariate analysis, a parsimonious model was generated because of the small sample size, which may impact the strength of the associations between predictors and main adverse events. Large-scale, multicenter, and prospective studies should be conducted in the future, and subgroup analyses stratified by CMB variables should be performed.
Conclusions
Antithrombotic therapy in patients with CMBs and cardiogenic cerebral embolism due to NVAF did not increase cerebral hemorrhage events and all-cause death. CMBs were probably not a crucial predictor of whether patients were prescribed antithrombotic medication. For patients with CMBs, antithrombotic therapy should be used with caution rather than contraindicated. Meanwhile, patients with CMBs and a hypertension history or cerebral hemorrhage history should receive a close follow-up because of the increasing risk of a cerebral hemorrhage event after antithrombotic therapy. Large-scale, multicenter, and prospective studies should be conducted in the future to investigate the significance of CMBs. 
